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Introduction of the F-Jp. episome from i cheri11A £o L
Eaei&.uiia Pseudotuberculosts yielded a strain of 7. Pseudo-
tuberculosi F-ku that could transfer its genes by conjugation
to rasteurella iestis. The selected Y. a4eudotuberculogjj marker
arginine÷ was transferred at frequencies between 10 -b and 10"7
per donor cell. Unselected donor characters such as melibiose
or rhmnose fermentation, phage sensitivity, and urease production
appeared at different frequencies in the recombinants. The
transferred markers were unrelated to the transfer of F-lac or
its subsequent lose from the recipient cell.
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I1, *rrRODUCTION

Introduction of the F-J•. episome from flj iciL S into
Pasteurells pseudotgberculosis established a gene transfer system
between f. pDeudotuberculosis F-". and various auxotrophs of P. pseudo-
tubercullois. Sinceo pj.seudotuberculogis Lu closely related to
Pasteurella 2.tD.. we investigated the possibility of extending the
F-.US mediated gene transfer system to include P. Pestis.

I1. ATERIALS AND HETII)DS

A. BACTERIAL STRAINS

The donor strain of P. udotuberculogis 32/IV F-Ja. cyre, pur",
thi" was described previously.' The recipient strain of Z. P vas
obtained as follows: (i) a methionine-, valine-, isoleucine-independent
isolates was selected from the virulent Alexander strain; (if) after
treatment with ultraviolet irradiation, an arginine E" mutent was
obtained; (iii) an isolate resistant to 1000 pg of streptomycin sulfate
per ml was picked; (iv) a W antigeiW calcium requirementr avirulent
colony was isolated. The final strain, labeled PO. pestl 370, required
cysteine (or thiosulfate), phenylalanina, and arginine for growth, was
streptomycin-resistant and pigmented, produced fraction I antigen and
pesticin I, and had the ime gross antigens., phase sensitivity, and
carbohydrate fermentation reactions as a classical strain of P. -estiu.

B. MDIA

Tryptic digest meat broth (M14) or agar (T3A), Difco heart infusion
broth (HIS), and Difco blood agar base (lAB) were employed as complete
media. The basic minimal medium employed1 was supplemented with the
following (final concentrations expressed in millimoles in parentheses):
cysteine (0.4); phenylalanine (0.5); methionine (0.2); valine (0.2);
isoleucine (0.5); glycine (1.0); and sodium metabisulfite (0.5).

C. ABBRIMATIONS

The following abbreviations are used in this report: j#, lactose;
LT, arginine; In. cysteine; pIE. phenylalanina; M, methionine;
1 j, valine; l, isoleucine; gjXO glycine; aL, malibiose; y.r rhamnose;
ure. urease; 5, sensitivity to a bacteriophase originating as a

_.I
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host-range mutant of a phage culture on J. B.&J.J•J, serially propagated on
F_. poeudotuberculosis strain 32/IP; l~r, resistance to phage T7; &S,
sensitivity to 1000 pg of streptomytin sulfate per ml; 2 1 5 Pstb, forming
a large l?•ht-br,- -olony on hemn aSare characteristic of P. Pseudo-
uk.erci2lois in contrast to the compozt, daric-bremn eolonies formed

by I. resaLe; Pee1._ pesticin 1;9 Ia fibrinolysin.s

D. MATING PROCEDURE

Essentially, the recipient strain was spread on a minimal agar medium
selective for A& recombinants, and, after ultraviolet irradiation, the
donor strain was spread over the recipient lawn. Details of the mating
procedure are described in previous publication. 1

A. GENE TRANSFER

The frequency of Jg'• tragefer from 1?. peudotuberculosis F-lac to
P. pestil 370 ranged from 10- to 10-7 per donor cell, which was about
two logS less than we had observed for the transfer of four different
markers between [. Poeudotuberculouis strains. 1  This low frequency,
resulting in only 5 to 50 recombinant colonies on the selective plates,
was workable because of the complete absence of donor or recipient
reversions on control plates.

Selection for Sze or Rhe recombinants yielded no colonies.

B. EFFECT OF MEDIUM ON VATING

Although the recipient strain was as- ( •, no ar + recombinants
appeared in a minimal agar medium containing only MMg and Phe. The addition
of met, yAj, 111.• and kIX (the typical growth requirements of Y. nestis)
apparently was necessary for mating. The ESr. recombinants grew well on
minimal agar containing only Mg. and p.t.

As we had observed with the F. nasudotuberculosis X Z. osud•o-
tgberculosis mating system,1 no recombinants resulted from broth matings.



C. ANALYSIS OF UNSELECTED NPAKERS

Although P.. Pseudotuberculosii and £. gvi are similar, several
easily measured properties can be used to distinguish the two species.
Our donor strain of P. 2seudotuberculosis was aLrA+, ree+, jkyol rha+,

.,r+ 17r. ~4 Pstb, W., p0 s ir .2ht4 ; re acipient strain of
g. * was the opposite for these characters. Analysis of 118

recombinants, obtained from six separate experiments., revealed that
reel+, and •Ty were transferred at frequencies of 39% and 5%. rh+ and

ure+ were transferred at a frequency of approx 1%. and none of the other
donor markers were detected in the recombinants (Table 1).

TABLE 1. ANALYSIS OF arge RECOMBINANTS FOR UNSELECTED VARMERS

Analysis of 118 ,. glotis
P. pseudotuberculosis Donor Characters Recombinantau/

arg+ mel+ +Iv' rha+ ure+ No.

+ .... 62 52.5

+ + - o - 46 39.0

+ + + - - 6 5.1

+ + + + 1 0.85

+ + = + 1 0.85

+ - - + 1 0.85

+ + - - + 1 0.85

a. Obtained from six separate experiments.

D. F-J& TRANSFER

Twelve of the 118 recombinants were "e, segregating i clones at
different frequencies. The Jjs 4+ mrkAer was distributed at random among
the recombinant classes and loss of the Jg 4 ÷ marker did not change any
other character.

E. BASE COHPOSITWU

The T of DWA1 extracted from the donor strain of ?. n9eudotubErcvulosL
was 88.5 ! (46.8% G + C). The T. of •. ngpt~j 370 measured at the same
time was 88.4 C (46.6% C + C).
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IV. DISCUSSION

The data presented indicate that the episome F-lac can promote chromosome
transfer bctwiL. Igeudotuberculosis and X. pestis similar to that mediated
by F-jpc in 1. •E2 The frequency of transfer observed so far is low
(10-6 per donor cell) and only 11g+ has been used successfully as a selected
marker. The detection of four unselected donor characters in the aLr+
recombinants in decreasing frequencies can be interpreted in terms of classical
chromosome transfer.

The conversion of o. peltig to ?. pse1dogUberculoass has been reported
by several Soviet investigators (reviewed by Pollitzer ), but never with
genetically marked strains, and the experiments described have not dispelled
all doubt. If this conversion occurs, it might be expected that the
distinguishing properties between the two species would be controlled by
a single gene locus. Successful gene transfer of one of these properties,
e.g. lep should be correlated with the transfer of other properties such as
r.a: and XW+. The fact that these properties are not jointly transferred
(Table 1) suggests that the main properties distinguishing P. Restis and
-P. pseudotM r...±Elois. are not controlled by the same gene locus.

Investigation of the genetics of virulence requires a reproducible
disease syndrome plus a gene transfer system. Plague can be considered
a '"odel" acute disease because the human symptoms occur in common laboratory
animals after injection of a few microorganisms. The etiological agent,
P. auz.Aa, has been the subject of extensive research and a reat deal is
known about virulence factors and immunity in this pat hogen.-• The
extension of a gene transfer system to include P. P should lead to a
resolution of some of the problems concerning virulence in this pathogen
and eventually contribute toward a better understanding of virvlence at the
genetic level.

.1
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